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Clinical PerspectiveWhat Is New?We evaluated age‐, sex‐, race‐, and region‐specific temporal trends in morbidity and mortality due to heart failure (HF) and atrial fibrillation (AF) in the United States between 1991 and 2015.Hospitalization rates for HF decreased and age‐adjusted death rates for HF remained constant, whereas both rates increased for AF.These divergent trends for HF versus AF varied moderately by sex and race but varied markedly by region and age group, with both hospitalization and death rates due to HF and AF increasing in younger people aged \<50 years.What Are the Clinical Implications?Variations in HF and AF disease burden by race and geography warrant specific targeting of "at risk" groups in selected US regions, along with additional studies to evaluate the rising burden of both conditions in younger adults.

Introduction {#jah33952-sec-0008}
============

Morbidity and mortality due to cardiovascular disease have decreased substantially over the past 50 years in the United States and worldwide.[1](#jah33952-bib-0001){ref-type="ref"}, [2](#jah33952-bib-0002){ref-type="ref"}, [3](#jah33952-bib-0003){ref-type="ref"} Nevertheless, the prevalence of 2 cardiovascular conditions, namely, heart failure (HF) and atrial fibrillation (AF), continues to rise.[1](#jah33952-bib-0001){ref-type="ref"} These 2 conditions have been referred to as the "twin epidemics" of the present millennium.[4](#jah33952-bib-0004){ref-type="ref"} Recent epidemiological reports have evaluated trends in the incidence and prevalence of HF and AF in the community.[5](#jah33952-bib-0005){ref-type="ref"}, [6](#jah33952-bib-0006){ref-type="ref"}, [7](#jah33952-bib-0007){ref-type="ref"}, [8](#jah33952-bib-0008){ref-type="ref"}, [9](#jah33952-bib-0009){ref-type="ref"} These studies suggest a rising incidence of AF[5](#jah33952-bib-0005){ref-type="ref"}, [6](#jah33952-bib-0006){ref-type="ref"} that may be plateauing,[10](#jah33952-bib-0010){ref-type="ref"}, [11](#jah33952-bib-0011){ref-type="ref"} paralleled by a moderate decline in HF incidence.[8](#jah33952-bib-0008){ref-type="ref"}, [9](#jah33952-bib-0009){ref-type="ref"} The prevalence of both conditions has increased in recent decades, presumably because of the aging of the populations studied.[6](#jah33952-bib-0006){ref-type="ref"}, [8](#jah33952-bib-0008){ref-type="ref"} Other reports have used additional metrics to characterize the burden of HF and AF, such as hospitalizations rates,[12](#jah33952-bib-0012){ref-type="ref"}, [13](#jah33952-bib-0013){ref-type="ref"}, [14](#jah33952-bib-0014){ref-type="ref"}, [15](#jah33952-bib-0015){ref-type="ref"} geospatial heterogeneity in death rates,[2](#jah33952-bib-0002){ref-type="ref"} and rising economic costs.[15](#jah33952-bib-0015){ref-type="ref"}, [16](#jah33952-bib-0016){ref-type="ref"} Most prior studies of HF and AF trends assessed morbidity or mortality but not both. Few studies used age‐adjusted rates or assessed the impact of demographic factors (eg, age, sex, and race) and geography on temporal trends.

We investigated temporal trends in the burden of HF and AF in the United States over a 25‐year time period by evaluating age‐adjusted hospitalization and mortality rates and years of potential life lost (YPLL). We studied variations in these trends by age, sex, race, and geographic region.

Methods {#jah33952-sec-0009}
=======

The data that support the findings in this study can be obtained from the Nationwide Inpatient Sample (NIS)[17](#jah33952-bib-0017){ref-type="ref"} Healthcare Cost and Utilization Project (HCUP),[18](#jah33952-bib-0018){ref-type="ref"} US Agency for Healthcare Research and Quality (AHRQ), and the National Center for Health Statistics (NCHS).

Data Sources {#jah33952-sec-0010}
------------

### HF and AF hospitalization {#jah33952-sec-0011}

We used data from the NIS,[17](#jah33952-bib-0017){ref-type="ref"} HCUP,[18](#jah33952-bib-0018){ref-type="ref"} and AHRQ for estimating morbidity due to HF and AF. The NIS is the largest all‐payer inpatient database in the United States and contains all discharge data from hospitals located across 45 states from 1988 to 2015. States included from 1988 to 2015 are presented in Table [S1](#jah33952-sup-0001){ref-type="supplementary-material"}. The NIS contains a ≈20% stratified sample of US community hospitals, and then uses sampling weights to calculate national estimates. One entry corresponds to 1 hospitalization and has 1 primary discharge diagnosis and a maximum of 24 secondary diagnoses during that index hospitalization. Each hospitalization also has information on patients' demographic details and insurance status, presence of comorbidities, primary and secondary procedures performed, hospitalization outcomes, length of stay, and costs of care. We used data from 1993 to 2014 for assessing morbidity related to HF and AF because trend weights are provided from 1993 onward. We did not include 2015 because NIS data were coded using a mix of *International Classification of Diseases, Ninth Revision* (*ICD‐9*) and *Tenth Revision* (*ICD‐10*) codes that year. Weighted counts of hospitalizations with a primary diagnosis of HF and AF were obtained for patients aged ≥30 years in each year and for subgroups. Because state‐level information was available only from 1991 to 2011 and the data included or excluded specific states during each year, we used US division‐ and region‐level information. Annual subgroup‐level population counts by single year of age from 1993 to 2015 provided by the NCHS were used to calculate age‐adjusted rates per 100 000 population.[19](#jah33952-bib-0019){ref-type="ref"}

### HF and AF deaths {#jah33952-sec-0012}

We used deidentified death records from the National Vital Statistics System provided by the NCHS for information on mortality due to HF and AF for the time period 1991 to 2015.[20](#jah33952-bib-0020){ref-type="ref"} These data contain records of deaths that occurred within the United States and include information on age, sex, and county of residence at the time of death for each decedent. Of note, these mortality data do not represent only hospitalization‐related mortality due to HF and AF (they capture all deaths attributed to these 2 conditions on death records). The registered *underlying cause of death* was coded according to the *ICD‐9* for deaths before 1999 and the *ICD‐10* for deaths that occurred in 1999 or later.[21](#jah33952-bib-0021){ref-type="ref"}, [22](#jah33952-bib-0022){ref-type="ref"} We did not consider multiple causes of death. Deaths were tabulated by single‐year ages (for adjustment purposes) and for strata defined by sex, race, county, and year.[19](#jah33952-bib-0019){ref-type="ref"}

Hospitalization, mortality, and US population data were restricted to those aged ≥30 years. Institutional review board approval was not required because the study was a retrospective analysis of deidentified data.

Diagnosis Codes for HF and AF {#jah33952-sec-0013}
-----------------------------

The *ICD‐9* codes were used to identify HF and AF hospitalizations (primary diagnosis), whereas *ICD‐9* and *ICD‐10* codes were used to identify cause of death due to HF and AF. The following *ICD‐9* codes were used: 428.0, 428.1x, 428.2x, 428.3x, 428.4x, and 428.9x for HF and 427.31 for AF. The following *ICD‐10* codes were used: I50, I50.0, I50.1, I50.2, I50.3, I50.4, and I50.9 for HF and I48, I48.0, I48.1, I48.2, I48.4, I48.91 for AF.

Subgroups {#jah33952-sec-0014}
---------

We assessed the population estimates overall and by sex, race/ethnicity (white, black, Hispanic, and other race), and age groups (30--39, 40--49, 50--59, 60--69, 70--79, and ≥80 years). For hospitalization rates, estimates were derived by region (Northeast, Midwest, South and West) and division (New England, Middle Atlantic, East North Central, West North Central, South Atlantic, East South Central, West South Central, Mountain and Pacific). Because all states are not included in the national data, the estimates within each region and division may not be completely representative. In addition, for mortality estimates, we considered state‐specific mortality rates per 100 000 and YPLL.

Statistical Analysis {#jah33952-sec-0015}
--------------------

The weighted hospitalization counts were estimated using nationally representative hospitalization data from the NIS; mortality counts were derived using death records from the NCHS, and population counts from US census estimates. Age adjustment was performed by single age using population estimates for each age and year. All analyses were performed on the US national population and in subgroups by sex, race/ethnicity, and age group.

First, we analyzed hospitalization data from 1993 to 2014 to obtain weighted counts using survey‐weighted analysis within each year and each year of age. Population data for each year and for age were used as denominators to calculate the crude rates per 100 000 population for each year and age. Age adjustment was performed using weights calculated from the US 2000 Census population to reflect the burden of disease more appropriately and to offset in part the greater burden of disease in older people (see Data [S1](#jah33952-sup-0001){ref-type="supplementary-material"}; Tables [S2--S4](#jah33952-sup-0001){ref-type="supplementary-material"}).[23](#jah33952-bib-0023){ref-type="ref"}, [24](#jah33952-bib-0024){ref-type="ref"} The standard population of 2000 was used instead of 2010 because the estimates were found to be greater when using the 2010 versus 2000 population.[24](#jah33952-bib-0024){ref-type="ref"} We used random‐effects metaregression with year as a continuous covariate to estimate the annual change, its SE, and *P* for trend for hospitalization and mortality due to HF and AF. The annual percentage change for hospitalization was calculated from the changes in age‐adjusted rates from 1993 to 2014. Differences in temporal trends and annual changes in rates within subgroups were tested by incorporating appropriate statistical interaction terms into the metaregression.

Second, we used counts of HF and AF deaths for each year and age along with population data for each year and single ages to calculate the unadjusted mortality rates per 100 000 population. The calculation of rates, age‐adjustment, annual change and interaction tests were performed similar to the first part of the analysis. The annual percentage change for mortality was calculated from the changes in age‐adjusted rates between 1991 and 2015. In an effort to delineate HF with AF and AF with HF, we performed a sensitivity analysis (Data [S2](#jah33952-sup-0001){ref-type="supplementary-material"}). The data collection approaches to multiple conditions were biased, and this prevented removing the possible "mixed" deaths.

Third, YPLL was calculated using counts of death and population as follows.[25](#jah33952-bib-0025){ref-type="ref"} YPLL is calculated by subtracting the age at death from the standard year of age and then summing the individual YPLL across each cause of death. YPLL calculation does not include people who died at the standard age or older. For example, if 3 people aged 52, 67, and 84 died from HF, the YPLL‐75 for that cause of death would be (75--52)+(75--67)=23+8=31. Choosing 75 as the standard age excludes people who died at age ≥75 years from the calculation of YPLL‐75. For each death, YPLL~*k.i*~=(number of deaths at a given age)×(weight for that age)=D~*k.i*~w~*i*~, where *k* is the particular cause of death and *i* is age group or age of death. YPLL for each missed year is summed for each deceased patient. For example, if a person died at age 72, the first year of age would contribute a full year, the second year would contribute 1 discounted year (0.985221674), the third year would contribute a twice discounted year (0.985221674×0.985221674), so a total of 1+(0.985221674)+(0.985221674×0.985221674).

Weight of each age is calculated by weight for that age as *W* ~*i*~=sum (weight for each year of life remaining)=*å w* ~*j*~, where *j* is in range *i*...*x*. We then discounted the total years of life lost by 1.5%,[25](#jah33952-bib-0025){ref-type="ref"} choosing 75 years as the average life expectancy in the United States. The YPLL rate was then calculated per age by (YPLL per population under age 75 years)×100 000 and then age adjusted. We did not stratify YPLL by age group because YPLL is calculated from age.

Finally, we performed a post hoc analysis to understand the changes in age at death due to HF and AF within race/ethnicity groups.

All analyses were performed using STATA (StataCorp)[26](#jah33952-bib-0026){ref-type="ref"} and R (R Foundation for Statistical Computing).[27](#jah33952-bib-0027){ref-type="ref"}

Results {#jah33952-sec-0016}
=======

Overall HF and AF Morbidity Trends {#jah33952-sec-0017}
----------------------------------

The cumulative count of HF hospitalizations from 1993 to 2014 was 22 828 980, with an estimated rate of 348.59 per 100 000 population (Table [S5](#jah33952-sup-0001){ref-type="supplementary-material"}). The HF hospitalization rates dropped between 1993 and 2014, with an annual decline of −1.72%, (*P*\<0.0001 for trend; Tables [1](#jah33952-tbl-0001){ref-type="table"} and [S5](#jah33952-sup-0001){ref-type="supplementary-material"}). The cumulative count of AF hospitalization from 1993 to 2014 was 7 378 978, with an estimated rate of 112.47 per 100 000 hospitalizations (Table [S5](#jah33952-sup-0001){ref-type="supplementary-material"}). The AF hospitalization rates increased between 1993 and 2014, with an annual increase of +1.61% (*P*\<0.0001 for trend; Tables [1](#jah33952-tbl-0001){ref-type="table"} and [S5](#jah33952-sup-0001){ref-type="supplementary-material"}).

###### 

Temporal Trends and Annual Change of Primary HF and AF Hospitalization Rates Among Patients ≥30 Years of Age, 1993--2014

                      1993     2014     Change (SE)     \%      *P* Trend   *P* Interaction
  ------------------- -------- -------- --------------- ------- ----------- -----------------
  HF                                                                        
  Overall             407.4    271.3    −7.02 (0.58)    −1.72   \<0.0001    
  By sex                                                                    0.94
  Women               361.8    230.5    −7.22 (0.67)    −1.99   \<0.0001    
  Men                 474.9    320.9    −7.28 (0.52)    −1.53   \<0.0001    
  By race/ethnicity                                                         0.43
  White               371.4    234.2    −7.21 (0.41)    −1.94   \<0.0001    
  Black               694.0    530.2    −8.73 (1.51)    −1.26   \<0.0001    
  Hispanic            458.6    246.7    −12.59 (2.37)   −2.75   \<0.0001    
  Other               436.6    261.9    −3.73 (2.06)    −0.86   0.084       
  By age group, y                                                           \<0.0001
  30--39              27.6     44       0.80 (0.14)     2.91    \<0.0001    
  40--49              95.7     122.2    1.05 (0.34)     1.10    0.005       
  50--59              335.8    281      −3.86 (0.55)    −1.15   \<0.0001    
  60--69              984.2    554.7    −23.42 (1.78)   −2.38   \<0.0001    
  70--79              2157.9   1238.2   −46.87 (3.24)   −2.17   \<0.0001    
  ≥80                 4510.9   3084.2   −67.81 (4.70)   −1.50   \<0.0001    
  AF                                                                        
  Overall             91.7     109      1.48 (0.22)     1.61    \<0.0001    
  By sex                                                                    0.87
  Women               83.6     100.7    1.40 (0.22)     1.67    \<0.0001    
  Men                 99.9     115.3    1.45 (0.23)     1.45    \<0.0001    
  By race/ethnicity                                                         0.75
  White               96.2     117.9    1.71 (0.23)     1.78    \<0.0001    
  Black               60.4     80.9     1.45 (0.17)     2.40    \<0.0001    
  Hispanic            70.9     72.4     0.26 (0.33)     0.36    0.45        
  Other               74.6     86.3     2.30 (0.63)     3.08    0.002       
  By age group, y                                                           \<0.0001
  30--39              14.3     16.9     0.25 (0.05)     1.73    \<0.0001    
  40--49              33       44.1     0.98 (0.11)     2.98    \<0.0001    
  50--59              97.2     122.9    2.06 (0.20)     2.12    \<0.0001    
  60--69              261.8    271      2.13 (0.59)     0.81    0.002       
  70--79              515.5    564.1    5.13 (1.34)     1.00    0.001       
  ≥80                 724.4    992.2    18.09 (1.93)    2.50    \<0.0001    

All rates except those by age groups are survey weighted and per 100 000 population. The rates by age groups are crude and per 100 000 population. Change denotes annual change in rate per 100 000 population and is calculated from a metaregression model with year as a continuous covariate. A negative value indicates decline and a positive value indicates increase in annual change per 100 000 and SE from 1993 to 2014. *P* for trend calculated using metaregression indicates the significance of the decline or the increase in hospitalization rates of primary heart failure hospitalizations from 1993 to 2014. *P* for interaction was calculated by adding an interactive term between the covariate and year in the model. AF indicates atrial fibrillation; HF, heart failure.

HF and AF Morbidity Trends in Subgroups {#jah33952-sec-0018}
---------------------------------------

The rates of HF hospitalization declined among both sexes, in all race/ethnicity groups, and in older age groups (Table [1](#jah33952-tbl-0001){ref-type="table"}). There was no difference in the declining trends by sex and in different race/ethnicity groups, although Hispanic patients demonstrated the largest annual percentage decline. There was an increase in HF hospitalization rates among age groups of 30 to 39 and 40 to 49 years compared with the older age groups that consistently demonstrated a decline.

The rates of AF hospitalization increased in both sexes and in all race/ethnicity groups (except Hispanic patients) with no significant differences (Table [1](#jah33952-tbl-0001){ref-type="table"}). There was a significant difference in the increasing AF rates among the age groups, with the largest percentage increase among those aged 40 to 49 years. Figures [1](#jah33952-fig-0001){ref-type="fig"}A through [1](#jah33952-fig-0001){ref-type="fig"}D and [2](#jah33952-fig-0002){ref-type="fig"}A through [2](#jah33952-fig-0002){ref-type="fig"}D show these variations.

![Temporal trends of primary heart failure (HF) hospitalization among hospitalizations of patients aged ≥30 years in the United States overall (**A**) and by sex (**B**), race (**C**), and age group (**D**), Nationwide Inpatient Sample 1993--2014.](JAH3-8-e010756-g001){#jah33952-fig-0001}

![Temporal trends of primary atrial fibrillation (AF) hospitalization among hospitalizations of patients aged ≥30 years in the United States overall (**A**) and by sex (**B**), race (**C**), and age group (**D**), Nationwide Inpatient Sample 1993--2014.](JAH3-8-e010756-g002){#jah33952-fig-0002}

Geographic Differences in HF and AF Morbidity Trends {#jah33952-sec-0019}
----------------------------------------------------

The rates of HF hospitalization demonstrated a significant annual decline, whereas AF rates increased in all 4 US regions (Table [S6](#jah33952-sup-0001){ref-type="supplementary-material"}). In the 7 US divisions, declining HF hospitalization rates were observed in Middle Atlantic, West North Central, South Atlantic, and Pacific states. In contrast, increasing AF rates were observed in the New England, East North Central, and Mountain divisions. The South Atlantic division demonstrated a significant decline in AF hospitalization rates.

Overall HF and AF Mortality Rate Trends {#jah33952-sec-0020}
---------------------------------------

The cumulative count and the age‐adjusted rate of deaths due to HF between 1991 and 2015 were 1 373 756 and 18.6 per 100 000, respectively, remaining fairly constant over time (Table [2](#jah33952-tbl-0002){ref-type="table"}, Figure [3](#jah33952-fig-0003){ref-type="fig"}A). The cumulative count and the age‐adjusted rate of deaths due to AF between 1991 and 2015 were 289 173 and 3.9 per 100 000, respectively, with an annual increase of 11.2% (Table [2](#jah33952-tbl-0002){ref-type="table"}, Figure [4](#jah33952-fig-0004){ref-type="fig"}A).

###### 

Temporal Trends and Annual Change of Death Rates Due to HF and AF, 1991--2015

  Deaths, 1991--2015                                            1991    2015    Change (SE)    \%     *P* Trend   *P* Interaction
  ------------------------------------------------------------- ------- ------- -------------- ------ ----------- -----------------
  HF, rate per 100 000[a](#jah33952-note-0004){ref-type="fn"}                                                     
  Overall                                                       17.5    19.9    −0.04 (0.03)   −0.2   0.25        
  By sex                                                                                                          0.41
  Women                                                         16.2    17.8    −0.06 (0.03)   −0.3   0.105       
  Men                                                           19.5    22.6    −0.02 (0.03)   −0.1   0.525       
  By race/ethnicity                                                                                               \<0.0001
  White                                                         17.1    20.7    0.01 (0.03)    0      0.853       
  Black                                                         20.6    22.8    −0.02 (0.04)   −0.1   0.525       
  Hispanic                                                      8.2     11.8    0.08 (0.02)    0.9    0.004       
  Other                                                         48.4    9.1     −1.50 (0.24)   −3.1   \<0.0001    
  By age group, y                                                                                                 \<0.0001
  30--39                                                        0.3     0.5     0.01 (0.00)    2.9    \<0.0001    
  40--49                                                        1.1     1.7     0.03 (0.00)    2.3    \<0.0001    
  50--59                                                        4.0     5.8     0.04 (0.01)    1      \<0.0001    
  60--69                                                        17.4    17.6    −0.13 (0.03)   −0.7   \<0.0001    
  70--79                                                        61.8    62.4    −0.40 (0.10)   −0.6   0.001       
  ≥80                                                           347.2   441.1   0.88 (0.66)    0.3    0.195       
  AF, rate per 100 000[b](#jah33952-note-0005){ref-type="fn"}                                                     
  Overall                                                       1.7     6.3     0.18 (0.01)    11.2   \<0.0001    
  By sex                                                                                                          0.23
  Women                                                         1.6     6.3     0.19 (0.01)    11.3   \<0.0001    
  Men                                                           1.6     6.1     0.18 (0.01)    11     \<0.0001    
  By race/ethnicity                                                                                               \<0.0001
  White                                                         1.7     7       0.21 (0.01)    12.6   \<0.0001    
  Black                                                         1.4     3.9     0.10 (0.00)    7.4    \<0.0001    
  Hispanic                                                      0.9     3.1     0.09 (0.00)    9.5    \<0.0001    
  Other                                                         4.2     3.3     0.00 (0.02)    0      0.951       
  By age group, y                                                                                                 \<0.0001
  30--39                                                        0       0       0.00 (0.00)    7.9    \<0.0001    
  40--49                                                        0       0.2     0.01 (0.00)    14.7   \<0.0001    
  50--59                                                        0.3     1.0     0.03 (0.00)    11.8   \<0.0001    
  60--69                                                        1.3     4.0     0.10 (0.01)    7.9    \<0.0001    
  70--79                                                        6.0     19.0    0.51 (0.01)    8.5    \<0.0001    
  ≥80                                                           33.9    150.8   4.60 (0.15)    13.6   \<0.0001    

All rates except those by age groups are per 100 000 population. The rates by age groups are crude and per 100 000 population. Change denotes annual change in rate per 100 000 population and is calculated from observed rates using a random‐effects metaregression model with year as a continuous covariate. A negative value indicates decline and a positive value indicates increase in annual change per 100 000 and SE from 1991 to 2015. *P* for trend indicates the significance of the decline or the increase in death rates of from 1991 to 2015. *P* for interaction was calculated by adding an interactive term between the covariate and year in the model. AF indicates atrial fibrillation; HF, heart failure.

HF deaths, 1991--2015: total: 1 373 756; rate per 100 000: 18.6.

AF deaths, 1991--2015: total: 289 173; rate per 100 000: 3.9.

![Temporal trends in heart failure (HF) mortality in the United States overall (**A**) and by sex (**B**), race (**C**), and age group (**D**).](JAH3-8-e010756-g003){#jah33952-fig-0003}

![Temporal trends in atrial fibrillation (AF) mortality in the United States overall (**A**) and by sex (**B**), race (**C**), and age group (**D**).](JAH3-8-e010756-g004){#jah33952-fig-0004}

HF and AF Mortality Rate Trends in Subgroups {#jah33952-sec-0021}
--------------------------------------------

Age‐adjusted HF mortality rates were not significantly different among men and women (Table [2](#jah33952-tbl-0002){ref-type="table"}, Figure [3](#jah33952-fig-0003){ref-type="fig"}B) but varied among race/ethnicity groups (*P*\<0.0001 for interaction). During the 25‐year time period, HF death rates remained constant for both black and white patients but increased among Hispanic patients during this time period (although absolute rates still remained lower than those for white and black patients; Figure [3](#jah33952-fig-0003){ref-type="fig"}C). Of note, trends in HF death rates differed significantly by age groups: there were small statistically significant annual increases in those aged \<60 years (with the largest increase being observed in those aged 30--39 years but significant decline in the age groups 60--69 and 70--79 years; Figure [3](#jah33952-fig-0003){ref-type="fig"}D).

Age‐adjusted AF mortality rates increased overall and consistently for both sexes and in the major race/ethnicity groups (Table [2](#jah33952-tbl-0002){ref-type="table"}, Figure [4](#jah33952-fig-0004){ref-type="fig"}A--[4](#jah33952-fig-0004){ref-type="fig"}C). White patients experienced the largest increase in AF mortality rates, followed closely by Hispanic and black patients (*P*\<0.0001 for interaction). Although AF death rates increased in all age groups, the percentage increase in those aged \<60 years is noteworthy, with the highest increase in the age group 40 to 49 years (Table [2](#jah33952-tbl-0002){ref-type="table"}, Figure [4](#jah33952-fig-0004){ref-type="fig"}D).

Geographic Differences in HF and AF Mortality Trends {#jah33952-sec-0022}
----------------------------------------------------

The age‐adjusted HF mortality rates declined from 1991 to 2015 in most US states (Table [3](#jah33952-tbl-0003){ref-type="table"}; Video [S1](#jah33952-sup-0002){ref-type="supplementary-material"}). The states with the largest annual absolute and percentage decreases in rates were Arizona, Arkansas, Delaware, Nevada, South Dakota, Washington, and Vermont as well as the District of Columbia. Increases in HF death rates (\>2%) were observed in California, Florida, Louisiana, New Hampshire, Rhode Island, Tennessee, and Texas. In 2015, the highest HF death rates (≥40/100 000) were observed in Alabama, Louisiana, and Mississippi.

###### 

Temporal Trends and Annual Change of Deaths Due to HF and AF in States and District of Columbia, 1991--2015

  State                  Rates Per 100 000 Due to HF   Rates Per 100 000 Due to AF                                                                          
  ---------------------- ----------------------------- ----------------------------- ------- ------ ------- ---------- ----- -------- ----- ------ -------- ----------
  Alabama                43.8                          46.5\*                        −0.22   0.10   −0.5    0.040      2.0   6.9      0.2   0.01   9.0      \<0.0001
  Alaska                 26.6                          18.4                          −0.35   0.09   −1.3    0.001      1.0   7.6      0.3   0.04   26.2\*   \<0.0001
  Arizona                21.8                          8.0                           −0.51   0.07   −2.3    \<0.0001   1.5   5.6      0.1   0.01   7.4      \<0.0001
  Arkansas               31.5                          26.7                          −0.64   0.17   −2.0    0.001      1.6   4.4      0.2   0.02   10.5     \<0.0001
  California             10.0                          15.0                          0.20    0.03   2.0\*   \<0.0001   1.5   5.8      0.2   0.01   13.6     \<0.0001
  Colorado               7.7                           16.2                          −0.13   0.12   −1.7    0.29       1.2   7.3      0.2   0.01   19.0     \<0.0001
  Connecticut            14.8                          18.6                          −0.01   0.04   −0.1    0.83       2.0   9.4\*    0.3   0.01   13.4     \<0.0001
  Delaware               18.7                          11.4                          −0.42   0.05   −2.2    \<0.0001   2.5   4.1      0.1   0.02   3.4      \<0.0001
  District of Columbia   20.4                          12.3                          −0.58   0.09   −2.8    \<0.0001   2.5   5.3      0.0   0.02   0.5      0.59
  Florida                5.2                           11.5                          0.22    0.02   4.3\*   \<0.0001   1.1   3.8      0.1   0.01   11.9     \<0.0001
  Georgia                26.9                          33.8                          0.09    0.07   0.3     0.21       2.1   6.0      0.2   0.01   7.9      \<0.0001
  Hawaii                 12.0                          14.4                          0.05    0.04   0.4     0.23       2.0   4.8      0.1   0.01   7.1      \<0.0001
  Idaho                  16.7                          20.3                          −0.08   0.06   −0.5    0.17       2.7   9.6\*    0.3   0.02   10.4     \<0.0001
  Illinois               20.8                          25.6                          0.01    0.04   0.1     0.70       1.8   5.9      0.2   0.01   9.4      \<0.0001
  Indiana                27.5                          23.5                          −0.25   0.07   −0.9    0.003      1.5   6.6      0.2   0.01   14.8     \<0.0001
  Iowa                   8.9                           9.6                           0.10    0.04   1.2     0.018      1.2   5.6      0.2   0.01   16.6     \<0.0001
  Kansas                 24.5                          24.8                          0.00    0.06   0.0     0.97       1.1   5.3      0.2   0.01   15.8     \<0.0001
  Kentucky               30.9                          31.0\*                        −0.32   0.08   −1.0    0.001      1.6   7.8      0.2   0.01   14.8     \<0.0001
  Louisiana              23.1                          41.0\*                        0.47    0.08   2.0\*   \<0.0001   2.3   4.5      0.1   0.01   4.1      \<0.0001
  Maine                  16.6                          20.5                          −0.06   0.04   −0.4    0.15       2.4   7.0      0.2   0.02   7.7      \<0.0001
  Maryland               18.5                          12.3                          −0.36   0.03   −1.9    \<0.0001   2.6   5.7      0.1   0.01   4.4      \<0.0001
  Massachusetts          21.9                          21.7                          −0.15   0.05   −0.7    0.008      2.6   7.2      0.2   0.01   6.5      \<0.0001
  Michigan               18.7                          26.1                          0.10    0.05   0.5     0.085      1.5   6.7      0.2   0.01   11.4     \<0.0001
  Minnesota              17.4                          16.7                          −0.17   0.05   −1.0    0.002      2.0   7.9      0.2   0.01   11.5     \<0.0001
  Mississippi            37.4                          45.9\*                        0.13    0.12   0.4     0.29       1.5   5.8      0.2   0.01   13.8     \<0.0001
  Missouri               20.9                          29.6                          0.13    0.05   0.6     0.024      1.8   5.9      0.2   0.01   9.3      \<0.0001
  Montana                23.6                          24.6                          −0.17   0.09   −0.7    0.061      1.9   9.4\*    0.2   0.03   12.6     \<0.0001
  Nebraska               23.4                          23.0                          −0.34   0.08   −1.5    \<0.0001   1.4   9.9\*    0.3   0.02   20.7\*   \<0.0001
  Nevada                 26.1                          16.1                          −0.66   0.14   −2.5    \<0.0001   1.9   5.1      0.1   0.02   4.8      \<0.0001
  New Hampshire          16.1                          19.2                          0.48    0.09   3.0\*   \<0.0001   2.1   8.4      0.2   0.02   10.9     \<0.0001
  New Jersey             13.1                          17.2                          0.07    0.02   0.5     0.015      1.6   5.7      0.2   0.01   11.1     \<0.0001
  New Mexico             17.3                          14.2                          −0.17   0.06   −1.0    0.012      1.5   4.3      0.1   0.02   8.5      \<0.0001
  New York               12.1                          12.9                          −0.04   0.03   −0.3    0.25       1.6   4.8      0.1   0.01   8.4      \<0.0001
  North Carolina         16.6                          22.7                          0.12    0.04   0.7     0.003      1.8   7.6      0.2   0.01   12.7     \<0.0001
  North Dakota           20.2                          16.6                          −0.35   0.13   −1.8    0.010      0.9   6.7      0.2   0.02   23.1\*   \<0.0001
  Ohio                   20.8                          21.8                          −0.23   0.08   −1.1    0.009      2.1   7.6      0.2   0.01   10.4     \<0.0001
  Oklahoma               28.2                          19.6                          −0.27   0.12   −1.0    0.033      1.2   7.2      0.3   0.02   22.2\*   \<0.0001
  Oregon                 14.1                          19.6                          −0.09   0.06   −0.6    0.18       2.1   11.5\*   0.4   0.02   17.2     \<0.0001
  Pennsylvania           19.7                          22.3                          −0.07   0.04   −0.4    0.10       1.9   7.0      0.2   0.01   9.2      \<0.0001
  Rhode Island           14.4                          14.9                          0.20    0.08   1.4     0.016      1.7   6.8      0.3   0.02   15.5     \<0.0001
  South Carolina         20.6                          21.7                          −0.06   0.05   −0.3    0.22       2.1   6.7      0.2   0.01   8.1      \<0.0001
  South Dakota           18.4                          4.0                           −0.90   0.12   −4.9    \<0.0001   1.1   3.6      0.1   0.02   7.9      \<0.0001
  Tennessee              11.3                          18.2                          0.14    0.06   1.2     0.030      1.4   7.1      0.2   0.01   16.7     \<0.0001
  Texas                  12.2                          21.7                          0.16    0.08   1.3     0.054      1.0   6.7      0.2   0.01   20.1\*   \<0.0001
  Utah                   30.7                          36.8\*                        0.23    0.09   0.8     0.013      1.7   9.9\*    0.3   0.02   15.0     \<0.0001
  Vermont                14.8                          4.5                           −0.61   0.06   −4.1    \<0.0001   3.5   7.1      0.2   0.02   5.0      \<0.0001
  Virginia               26.4                          21.5                          −0.20   0.03   −0.8    \<0.0001   1.6   7.0      0.2   0.01   13.4     \<0.0001
  Washington             16.1                          9.3                           −0.50   0.07   −3.1    \<0.0001   0.8   7.4      0.2   0.02   24.4\*   \<0.0001
  West Virginia          24.8                          25.7                          −0.10   0.05   −0.4    0.040      1.8   8.0      0.2   0.01   13.5     \<0.0001
  Wisconsin              21.2                          19.6                          −0.13   0.04   −0.6    0.005      2.1   7.0      0.2   0.01   8.3      \<0.0001
  Wyoming                22.0                          18.6                          0.02    0.09   0.1     0.84       2.4   6.6      0.2   0.02   7.7      \<0.0001
                                                       \>30.0\*                                     ≥+2\*                    \>9\*                 \>20\*   

AF indicates atrial fibrillation; HF, heart failure.

\*Values indicate threshold levels that indicate very high rates and percentages.

The age‐adjusted AF mortality rates increased significantly in all 50 US states but not in the District of Columbia, which demonstrated no significant trend (Table [3](#jah33952-tbl-0003){ref-type="table"}; Video [S2](#jah33952-sup-0003){ref-type="supplementary-material"}). The 5 states with the largest absolute annual increase were Connecticut, Idaho, Nebraska, Oklahoma, and Oregon. The states with the largest percentage increases were Alaska, Nebraska, North Dakota, Oklahoma, Texas, and Washington. In 2015, the highest AF death rates (approximately ≥9/100 000) were observed in Connecticut, Idaho, Montana, Nebraska, Oregon, and Utah.

Trends in YPLL Rates Due to HF and AF Overall and in Subgroups {#jah33952-sec-0023}
--------------------------------------------------------------

Overall, YPLL rates due to HF increased by between 1991 and 2015 (Table [S7](#jah33952-sup-0001){ref-type="supplementary-material"}, Figures [S1--S4](#jah33952-sup-0001){ref-type="supplementary-material"}). YPLL rate changes were higher in men compared with women (*P*=0.038 for interaction) and varied by race/ethnicity (*P*\<0.0001 for interaction) being higher for black and Hispanic patients compared with white patients. Post hoc analyses demonstrate that mean age of death due to HF during 1991 and 2015 was 75.0 and 73.9 years, respectively, among black patients and 79.7 and 80.7 years, respectively, among white patients.

YPLL rates due to AF increased steadily between 1991 and 2015. Men and white patients experienced the highest annual percentage changes in YPLL rate. Post hoc analyses demonstrate that mean age of death due to AF during 1991 and 2015 was 76.3 and 77.8 years, respectively, among black patients and 80.3 and 81.5 years, respectively, among white patients.

Geographic Differences in YPLL Rate Trends {#jah33952-sec-0024}
------------------------------------------

YPLL rate due to HF from 1991 to 2015 demonstrated significant state‐specific heterogeneity in the rate of annual life loss (Table [S8](#jah33952-sup-0001){ref-type="supplementary-material"}). The 3 states with the largest absolute annual increases in YPLL attributable to HF were Louisiana, Oklahoma, and Tennessee, and the states with the largest decreases were Arizona and South Dakota as well as the District of Columbia. The 3 states with the largest percentage increases in YPLL due to HF were Florida, Tennessee, and Hawaii, and the largest percentage decreases were in Vermont, South Dakota, and the District of Columbia. In 2015, the highest rates of YPLL due to HF (≥100/100 000) were in Mississippi, Louisiana, and Alabama.

YPLL rate due to AF increased significantly in most US states, except Alaska, Delaware, Montana, North Dakota, Rhode Island, South Dakota, Vermont and Wyoming and the District of Columbia. The 3 states with the largest absolute annual increase were Oklahoma, Kentucky, and Tennessee. The states with the largest percentage increase in YPLL due to AF were Kansas, Iowa, and Oklahoma. In 2015, the states with highest rates of YPLL due to AF (≥10/100 000) were Kentucky, Alabama, and West Virginia as well as the District of Columbia.

Discussion {#jah33952-sec-0025}
==========

Principal Findings {#jah33952-sec-0026}
------------------

First, the 3 metrics used to evaluate burden offered complementary information. Second, HF accounts for twice as many hospitalizations, \>3 times as many deaths, and \>5 times as many YPLL compared with AF. Third, HF hospitalizations are decreasing, adjusted death rates seem to be stabilizing, and YPLL seems to be increasing. In contrast, all 3 metrics are increasing markedly for AF. Fourth, interesting differences in trends for the 3 metrics (for HF versus AF) emerged when evaluated by sex, age, race, and geography. Our investigation is incremental over several recent reports[29](#jah33952-bib-0029){ref-type="ref"}, [30](#jah33952-bib-0030){ref-type="ref"}, [31](#jah33952-bib-0031){ref-type="ref"} of trends in HF and AF hospitalization and mortality by virtue of evaluation of a 25‐year time period and geospatial trends (in addition to trends by age, sex, and race) and by comparing and contrasting HF versus AF trends.

Sex‐Related Differences in Trends for HF and AF Hospitalization, Death, and YPLL {#jah33952-sec-0027}
--------------------------------------------------------------------------------

Overall, we observed that men had a higher rate of hospitalization for both HF and AF and higher YPLL rates due to both conditions during the time period studied. Age‐adjusted death rates for HF were higher in men, but those for AF were slightly higher in women. Overall, women experienced a somewhat greater decline over time in hospitalization and death rates due to HF and experienced a slightly lesser increase in hospitalization rates due to AF; however, a formal test of an interaction was statistically nonsignificant. The rise in death rates due to AF over time was similar in the 2 sexes. Our findings differ from another report[15](#jah33952-bib-0015){ref-type="ref"} that noted higher hospitalization rates for AF in women (compared with men), but that report[15](#jah33952-bib-0015){ref-type="ref"} focused on a single decade of observation (2000--2010). In that report,[15](#jah33952-bib-0015){ref-type="ref"} the increase in hospitalization rates over the decade for AF in men was greater than the increase observed in women, a finding similar to ours. However, our observations are more consistent with sex‐related trends reported for HF hospitalizations in a recent report.[31](#jah33952-bib-0031){ref-type="ref"}

Race‐Related Differences in Trends for HF and AF Hospitalization, Death, and YPLL {#jah33952-sec-0028}
---------------------------------------------------------------------------------

Overall, we observed that black patients had higher absolute rates of hospitalization, death, and YPLL due to HF, whereas white patients had higher rates of these metrics for AF. Across the decades of observation, hospitalization rates for HF fell but those for AF increased in all race/ethnicity groups except Hispanic patients. Death rates due to HF increased among Hispanic patients alone, whereas mortality due to AF increased in all race/ethnicity groups. YPLL rates for HF increased in black and Hispanic patients, with a minimal increase in white patients. Although YPLL rates for AF increased in all race/ethnicity groups, white and Hispanic patients (in that order) experienced the largest proportional increases. The discordant trends observed in Hispanic patients of decreasing HF and stable AF hospitalization rates in the face of increasing mortality rates due to both conditions are puzzling and raise some concern. Unfavorable trends in healthcare access among Hispanic patients may account for these trends---a premise that warrants further investigation. Prior studies conjointly evaluating race‐related differences in both hospitalization and mortality rates are lacking. A recent report did note a decrease in hospitalization rates for HF among Hispanic patients.[31](#jah33952-bib-0031){ref-type="ref"}

Age‐Related Differences in Trends for HF and AF Hospitalization, Death, and YPLL {#jah33952-sec-0029}
--------------------------------------------------------------------------------

Not surprisingly, we observed that older patients had higher absolute rates of hospitalization and death due to both HF and AF. Our post hoc analysis indicates that black Americans who die of HF and AF are younger than white Americans, with the mean age of HF deaths among black patients signaling a lower age in 2015 than in 1991 for HF deaths, which may be considered a persistent racial gap. We observed a disturbing pattern of concordant increases in both hospitalization and death rates for HF and AF for individuals aged \<60 years. Other recent reports have also underscored the increasing burden of HF and AF in younger individuals.[32](#jah33952-bib-0032){ref-type="ref"}, [33](#jah33952-bib-0033){ref-type="ref"}, [34](#jah33952-bib-0034){ref-type="ref"} The reasons for this disturbing trend are not clear and warrant further investigation.

Geographic Differences in Trends for HF and AF Hospitalization, Death, and YPLL {#jah33952-sec-0030}
-------------------------------------------------------------------------------

A very high disease burden due to HF hospitalization and mortality clusters (and associated YPLL) in selected parts of the southern United States (Alabama, Georgia, Louisiana, Mississippi). In comparison, both morbidity and mortality rates related to AF are similar across states. However, YPLL rates related to AF in 2015 are highest in the District of Columbia, Kentucky, Alabama, and West Virginia. Given the shared individual risk factors for HF and AF, these regional differences are intriguing and warrant further study. Similar regional differences for mortality due to HF and AF have been reported recently by others.[2](#jah33952-bib-0002){ref-type="ref"} Such regional differences in disease burden likely are multifactorial in origin and caused by socioeconomic differences and related behavioral patterns and risk factor distributions, variations in chronic disease management, and access to and quality of emergency services for managing these conditions.[2](#jah33952-bib-0002){ref-type="ref"}

State mortality trends due to HF demonstrate high heterogeneity: the rates held steady in 17, declined in 23 and increased in 10 states. A more consistent pattern of an overall increase in mortality and YPLL due to AF across most states was noted. Additional investigation of regional "hotspots" for HF and AF is warranted.

Strengths and Limitations {#jah33952-sec-0031}
-------------------------

We evaluated conjoint trends in HF and AF, conditions considered to constitute the twin epidemics,[4](#jah33952-bib-0004){ref-type="ref"} over a 25‐year period using 3 complementary metrics of disease burden and 2 large nationally representative databases. In addition, we elucidated variations in burden of HF and AF due to sex, race, age, and geography. Nevertheless, several limitations must be noted. Use of the NIS database precludes differentiation of initial admissions from readmissions, states were not sampled regularly over time, and the race/ethnicity variable in this database is noted to have differential missingness (in early versus late years). Moreover, the lack of methods to differentiate trends in initial admissions versus readmissions prevents performance of sensitivity analysis that may indicate whether there is an increased morbidity burden related to readmissions; therefore, the magnitude and nature of bias due to potential readmissions remains currently unassessed. Use of available databases also did not permit a distinction of trends in "all HF" from trends for its 2 subtypes characterized by reduced versus preserved left ventricular ejection fraction. The use of national vital statistics data for cause of death is error prone, and additional inaccuracies may be introduced by the transition from *ICD‐9* to *ICD‐10* disease codes for HF and AF during the 25‐year period evaluated. Furthermore, we evaluated trends in hospitalization for a primary diagnosis of HF and AF. Such analyses would underestimate the true burden of these conditions because hospitalizations with a secondary diagnosis of HF or AF were not considered. Our study was mainly descriptive, and future investigations must analyze potential factors underlying the divergent trends for HF versus AF and the variations in disease‐burden rates for these 2 conditions in subgroups. It is important to note that some of the observed trends in race/ethnicity subgroups (for HF and AF hospitalization and mortality) are visually nonlinear and thus should be interpreted with caution. Further research should be performed to identify whether there are inflection points that mark nonlinear trends and to identify the factors that drive these changes. In addition, changes in overall population mortality rates attributable to a disease entity may not adequately reflect the potential impact of health care on the disease. Temporal trends in survival after diagnosis may reflect the impact of health care. Considering the potential role of temporal trends in HF morbidity and mortality according to ejection fraction in HF, future studies should explore these temporal trends according to HF subtype (ie, reduced versus preserved ejection fraction). Such analyses may be more clinically meaningful. We do not consider temporal trends in multimorbidity, although it is likely that multiple diseases may occur in a given patient. In this context, the divergent trends in morbidity and mortality for HF versus AF should not overlook the strong mechanistic links between these 2 conditions (where presence of either condition often begets the other[35](#jah33952-bib-0035){ref-type="ref"}). Last, but not least, we evaluated AF and HF as the "underlying cause" of death, as coded on death certificates. Although this approach is acceptable for mortality analyses,[36](#jah33952-bib-0036){ref-type="ref"} it is likely in AF that the arrhythmia triggers a series of more distal events (eg, thromboembolic stroke) that result in mortality.

Conclusions {#jah33952-sec-0032}
===========

Over a 25‐year period in the United States, hospitalization rates for HF have been decreasing and mortality rates stabilizing, whereas both have been escalating for AF. We noted modest variations in disease burden by age and race/ethnicity and more marked variations related to geographic region. Future studies should evaluate whether trends in putative risk factors for HF and AF may drive the morbidity and mortality trends that we observed. The increasing burden of both HF and AF in young adults is of concern because it may portend a reversal of our successes combating cardiovascular disease in middle‐aged and elderly individuals. The increase in HF and AF mortality rates in Hispanic patients in the face of potentially declining hospitalization rates for these conditions warrants further study. The regional patterns of disease burden emphasize the critical need for ongoing regional surveillance of HF and AF.
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**Table S8.** Temporal Trends and Annual Change of Years of Potential Life Lost at Age 75 Years Due to Heart Failure and Atrial Fibrillation in States, 1991--2015

**Figure S1.** Temporal trends of years of potential life lost due to heart failure in the United States, 1991--2015: overall (**A**) and by sex (**B**) and race (**C**).

**Figure S2.** Temporal trends of years of potential life lost due to atrial fibrillation in the United States, 1991--2015: overall (**A**) and by sex (**B**) and race (**C**).

**Figure S3.** Mean age of heart failure deaths by race/ethnicity in the United States, 1991--2015.

**Figure S4.** Mean age of atrial fibrillation deaths by race/ethnicity in the United States, 1991--2015.
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**Video S1.** Transitioning chloropleth map showing spatiotemporal changes in the mortality rates due to heart failure, 1990--2015 (best viewed with Windows Media Player).
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**Video S2.** Transitioning choropleth map showing spatiotemporal changes in mortality rates due to atrial fibrillation, 1990--2015 (best viewed with Windows Media Player).
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